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BEHAVIOR AND DESIGN OF CONTINUOUS GIRTS AND PURL INS 
1 2 
by Dimos Polyzois and Peter C. Birkemoe 
SUMMARY 
A stress analysis technique for the design of girts and purl ins is recom-
mended in the present paper. This analysis is based on a realistic model of 
member behavior where the contribution of the wall or roof material as well as 
the contributions of an intermediate restraint and end supports are accounted for. 
Analytical findings are discussed and compared with experimental results of a 
full size wall system tested under suction. 
INTRODUCTION 
In current North American design specifications, the allowable load or 
calculated resistance of light gage beams is computed on the basis of failure by 
bifurcation of equilibrium as a result of lateral buckling. This basis for design 
tends to be quite conservative because of the nature of loading and support condi-
tions invariably imposed on these members by fabrication details. The cross-
sectional configuration of these members is such that they will bend and twist 
from the onset of the first external load. The real mode of failure is, therefore, 
not one of lateral buckling but rather one of yielding or local buckling as a 
result of the stresses developed. Thus, in design, serviceability rather than 
strength criteria may govern the choice of members . 
Light gage beams are most commonly used in wall or roof assemblies as girts 
and purlins. They are usually attached along one flange to the wall or roofing 
material and in many installations they are supported along their span by sag rods 
as well as at the ends by a form of clip angle. Thus, some degree of lateral and 
rotational restraint is always present. It is often difficult or impossible to 
quantitatively evaluate the effect of these restraints. However, the neglect of 
their presence in design calculations may result in underestimating the capacity 
of the restrained members. The objective of this paper is to recommend an alter-
native approach to the design of light gage girts and purlins based on a more 
realistic model of member behavior. 
The results presented herein are based on a theoretical and experimental 
program conducted at the University of Toronto with the financial support of the 
Canadian Steel Industries Construction Council and the Natural Sciences and 
Engineering Research Council of Canada . Work to date has involved numerous tests 
of restraint parameters and three full sized wall systems. Two of these wall 
systems were 16 feet (4876.80 rom) long, and consisted of three simply supported 
light gage channel sections spaced at 7 feet (2133 . 60 mm) supporting a 14 x 16 foot 
(4267.20 mm x 4876.80 mm) light gage corrugated steel panel. The objective of the 
tests on these walls was to study the effect of continuous bracing along the ten-
sion flange on the behavior of simply supported channel section girts as well as to 
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study the degree of restraint provided by the sag rods at midspan against lateral 
displacement and twist of the girts. The details and results of this early phase 
of the study have been reported elsewhere(2,3.10). 
In the current phase of the experimental program, a third full sized wall 
system consisting of Z-section girts and light gage steel panels was tested for 
various restraint effects and for ultimate behavior. The objectives were: (1) to 
determine the effect of continuous bracing along the tension flange on the be-
havior of both continuous and simply supported Z-section girts, (2) to determine 
the adequacy of sag rods at midspan as restraint agents against lateral and rota-
tional displacement of the girts, and (3) to study the behavior of the girts under 
two different types of end supports. An analytical model developed for the case 
of simply supported beams in phase 1 of the study was extended to include the 
effect of end moments. Solutions obtained through the analytical model were com-
pared with the experimental results as well as with various limit states specified 
in present design standards. 
RECENT RESEARCH 
The behavior of structural members continuously restrained along their ~pan 
by shear diaphragms has been intensively studied since 1965. Errera et al(7 , for 
example, found that shear-rigid diaphragms properly attached to beams and columns 
were highly effective as lateral bracing agents and that these diaphragms consid-
erably increased the carrying capacity of these members. 
More recently, the behavior of simply supported channel and Z-section beams 
continuously braced by shear diaphragms under both gravity load and uplift has been 
studied by Celebi(6) and Pekoz(9). Celebi considered the combined action of the 
shear and rotational rigidity of the diaphragm in bracing of channel and Z-section 
purlins, and also developed simplified design formulae which were verified by both 
model and full-scale tests. Pekoz carried out a number of tests involving continu-
ous girts and purl ins for the purpose of verifying the applicability of an analy-
tical formulation obtained for the behavior of diaphragm braced purlins. 
A simplified method of analysis was also proposed by Wikstrom(12) whose work 
was based on the theory of beams on an elastic foundation. The beam in this study 
consisted of the free flange and a portion of the web. The elastic foundation was 
composed of the supported flange and the corrugated steel sheeting. 
A number of fult scale tests on diaphragm braced purl ins were also carried 
out by Rhodes et al. 11). These studies showed that the roofing system was much 
stronger than the design predictions for both live load and simulated wind upl·ift 
conditions. Their tests also demonstrated that sag rods effectively resisted any 
tendency for lateral buckling. 
THEORETICAL ANALYSIS 
The theoretical analysis presented here is based on the principle of minimum 
potential energy. The total potential energy of a beam continuously braced along 
one flange by a shear resisting diaphragm was developed and minimized using the 
Rayleigh-Ritz method. This method requires the formulation of suitable displacement 
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functions which satisfy the boundary conditions of the elastic system and the 
minimization of the total potential energy as a condition for static equilibrium. 
The displacement functions chosen for the present study have the following 
form: 
Au· 




where Us and Vs are the displacements of the shear center in the direction of the 
displaced axes ~, n respectively (Fig. la); ~ is the rotation of the section about 
the z-axis and uSI ' vSI and ~Iare a set of functions which satisfy the boundary 
conditions of lateral (us), vertical (vs ) and rotational (~) displacements. Two 
cases of end supports are considered in this paper and the corresponding functions 
are presented in Table 1. The terms A, B, C, which must be selected to make the 
total potential stationary, were developed. These are presented in Appendix 1. 
the 
The longitudinal stress at any point (x,y) in the beam can be determined from 
following expression: 
a rM + Ixy E u~jY _ [u" x + ~" w] 




M in Eq.(2) is the bending moment due to external loading and is expressed as: 
M ••• (3) 
where Mxw is the bending moment due to a uniformly distributed load, MxA and MxB 
are the end moments resulting from continuity of the beam and ~ = z/L. The assumed 
positive direction of the moments is shown in Fig. lb. Ix and Ixy are cross-
sectional properties, L is the span of the member and w is the sectorial area or 
warping displacement. 
The Rayleigh-Ritz method adopted for this analysis is widely used to obtain 
approximate solutions for buckling problems, especially in cases where exact solu-
tions become too difficult or even impossible to obtain. Given the complexity of 
the present problem, the Rayleigh-Ritz method appears to provide the best means 
for deriving simple and yet realistic expressions for analytically modelling the 
behavior of restrained girts and purlins. 
EXPERIMENTAL INVESTIGATION 
The recent experimental program involved the testing of a full-sized wall 
system (Fig. 2) consisting of two cold formed light gage Z-section girts and light 
gage cold formed steel panels. The spacing of the girts and position of supports 
for the girts were based on the following criteria: 
1) The moment gradient in the beam had to be the same as that of 
the end span of a three span girt uniformly loaded. The 
equivalent system chosen for the purposes of the present 
experimental program is shown in Fig. 3a. The girts spanned 
16' 4~" (4991.1 mm) between two supports and continued 4' 5" 
(1346.2 mm) to a third support located at the point of zero 
moment of the theoretical three-span beam. 
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2) The loading had to be equally applied to the girts. Also, 
the rotation of the panels under loading at the point of attach-
ment to the girts had to be the same as in the case of a multiple 
girt wall system. Furthermore, the panel had to remain elastic 
up to girt failure. The girt spacing satisfying these criteria 
is shown in Fig. 3c. All four edges of the panel assembly were 
free. 
The sectional properties of both the girt and the steel panel chosen for the test 
are shown in Figues lc and ld respectively. 
Of paramount importance in the choice of test method was the maintenance of 
realistic restraint conditions unaffected by the loading device. The loading was 
to simulate the leeward wind pressures on low rise buildings while at the same time 
providing free access to the g~rts under investigation. A vacuum chamber built to 
test simply supported channels(2,3,lU) was modified to allow testing of both 
simply supported and continuous girts as shown schematically in Figures 3a and 3b. 
Initially, several tests were carried out using the support system shown in Fig. 3a. 
In order to make the girts simply supported, one of the supports was subsequently 
removed (Fig 3b). In the present test, two types of end supports were used. The 
first type (Fig. 3d) consisted of 8" x 4" x 1/2" (203.2 mm x 101.6 nun x 12.7 mm) 
seat angles and the second type (Fig. 3e) was a direct attachment of the girt flange 
to the supporting I beam with 1/2" (12.7 nun) diameter bolts. To support the weight 
of the wall while the second type of supports was used, 3/8" (9.52 mm) diameter rods 
were placed at midspan and securely attached to a fixed beam at the top of the wall 
assembly. In addition, similar types of rods were used as intermediate restraints 
against lateral and rotational displacement of the girts. 
The individual panels were fastened to the girts at every second corrugation 
with self-tapping steel screws. For the tests which were carried out within the 
elastic range the panels were not stitched together. Pop rivets at every 12" 
(304.8 mm) were used to stitch the panels together for the ultimate failure test. 
Each girt was instrumented to determine stresses and displacements using re-
sistance strain gages and linear variable differential transformers (LVDT's). A 
potentiometer was utilized to measure the rotation of the bottom girt at midspan. 
Three industrial vacuum cleaners were used to create the negative pressure in the 
chamber. The loading on the wall was achieved through a controlled leakage of air 
which was monitored with a water manometer. A resistance type pressure transducer 
was also used to monitor the pressure in the vacuum chamber. The readings from the 
pressure transducers, the strain gages, the LVDT's and the potentiometer were 
controlled by a data acquisition system. 
A total of 10 complete tests and several pilot tests were conducted in the 
elastic range. The wall assembly was tested to failure (at 41.70 psf)(2.0 KPa) 
with the girts being simply supported and without intermediate supports. Table 3 
summarizes the types of tests carried out and the maximum pressure applied in each 
case. 
RESULTS AND DISCUSSION 
The effectiveness of a diaphragm as a restraint agent against lateral movement 
of the girts is very dependent upon the method and workmanship employed to fasten 
the panels together. Since the panels in the recent experimental program were not 
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initially joined together, the effectiveness of the wall sheeting as a shear dia-
phragm could not be easily assumed. As shown in Fig. 4a, an upward movement of the 
restrained flange was observed during testing - clearly a result of the lack of 
shear transfer between the panels. The magnitude of this upward movement was 
affected not only by the type of end support but also by the presence/absence of 
an intermediate discrete restraint. As shown in Fig. 4a, a larger movement was 
recorded in the case of the simply supported girts where flange-attachment supports 
were utilized (Test 3-B). The addition of a discrete restraint at midspan reduced 
the tendency for lateral movement, with a higher reduction realized when clip angle 
supports were employed. 
A greater tendency for lateral movement was observed in the unsupported flange 
shown in Fig. 4b, as a result of twisting of the member about the line of attachment 
to the steel panels. The magnitude of this twisting was greatly affected by the 
various end and intermediate supports, as shown in Fig. 5. A slightly smaller rota-
tion was recorded when a flange-attachment support was used at the ends of the girts 
(Test 3-B). This was due to greater freedom of upward movement resulting from the 
absence of direct support of the web. Virtually no upward movement (lateral beam 
displacement) was detected when the unsupported flange "was restrained at midspan, as 
Fig. 4b demonstrates. The subsequent stitching of the panels with pop rivets showed 
no significant reduction in the lateral movement of the girts. 
The presence of a discrete restraint at midspan also helped to reduce strains 
in the beam, as shown in Fig. 6a. In essence, the discrete restraint reduced the 
amount of rotation and lateral movement of the member thus reducing the torsional 
as well as the lateral bending stress components. The different types of end sup-
ports showed no noticeable effect on the maximum strains at midspan. Although the 
flange attachment support allowed greater flexibility in the member, the method of 
attachment itself provided a small amount of restraint against bending, thus 
reducing the total bending at midspan. The difference in the maximum bending between 
the two types of end supports was more noticeable in the case of the continuous girt, 
as shown in Fig. 6b, where larger strains were recorded when the flange-attachment 
support was utilized. 
COMPARISON OF THEORETICAL AND EXPERIMENTAL RESULTS 
The allowable loads on Z section beams computed according to present specifi-
cations are compared here to the theoretical stress and displacement analysis. 
These comparisons emphasize the effects of the continuous restraints provided by 
light gage steel panels and indicate the instances where reasonable estimates of 
the restraints can be made. 
Ignoring the contribution of the shear and torsional restraints in the design 
may lead to somewhat conservative results as shown in Fig. 7. In this figure, 
allowable loads for the Z-section shown in Fig. lc were computed according to the 
AISI Specification and were compared with the proposed stress analysis method. The 
difference in the computed allowable loads can be explained by the behavior modelled 
by each of the two methods. Using the AISI Specification(l) or CSA S136(5), allow-
able loads are computed on the basis of failure by bifurcation of equilibrium as a 
result of lateral buckling. In the proposed stress and displacement analysis 
method, it is assumed that continuous lateral and rotational displacements result in 
bending and torsional stresses. The allowable loads shown in Fig. 7 were computed 
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to satisfy strength (stress = 0.6 Fy) and serviceability criteria (displacement 
L/180, rotation = 15°). 
The allowable loads obtained by the proposed method were markedly influenced 
by the values of shear rigidity Q and the rotational restraint F. The present reli-
able methods for determining these values are through tests which are often expen-
sive and time-consuming. Extensive research both in Canada(8) and in England(~) were 
conducted in an attempt to formulate simplified expressions for computing the shear 
rigidity of wall assemblies. The available information, however, is limited to 
specific types of panels and fastening configurations and is, therefore, not directly 
applicable to the present study. Based on the present experimental findings, a 
value of Q = 50 kips (222.5 kN) was used in the proposed theoretical analysis which 
produced values for stress and displacement comparable to the experimental results. 
This value for Q was therefore adopted for comparison purposes in the present study. 
The rotational restraint F used in Fig. 7 was based on a simplified approach 
suggested by Wikstrom(12). According to this approach, the deformation of the web 
of the girt caused by a unit load applied at the compression flange is resisted by 
an elastic foundation composed of the tension flange of the girt and the shear dia-
phragm. Designating Mr to be the applied moment and F.e to be the resisting moment 
supplied by the elastic foundation, 
}"r F.e (4) 




• •• (5) 
where h is the depth of the beam, e is the rotation of the web caused by the unit 
force and °2 is the lateral deflection of the web caused by the unit force. The 
deflection is a function of the sectional properties of the girt and the corrugated 
sheeting as well as the direction of loading, the spacing of the girts and the end 
conditions of the girts. A value of F = 280 in.-lb./rad (31.6 mm-kN) was computed 
using Eq.(5). This value was used in combination with Q = 50 kips (222.5 kN) in 
order to compute the allowable load shown in Figures 7 and 8. With the addition of 
the intermediate restraint, the effect of both the rotational restraint F and the 
shear rigidity Q were substantially reduced. Thus, for shorter unsupported lengths 
created by sag rods or the like, the actual values of Q and F have significantly re-
duced influence on the computed allowable loads (Fig. 8). These loads were based on 
the stress criterion a = 0.6 F at midspan. The stress at this point is the result 
of the bending about the two a~es and the restraint against warping. The slight 
difference in the computed allowable loads shown in Fig. 8, resulted from the 
opposing effectof the bending of the member about the two axes. Greater lateral 
displacements, caused by a low value of shear rigidity Q, produced a larger tensile 
stress at the web-to-flange corner which helped reduce the total stress at the same 
point. This reduction resulted in slightly larger allowable loads. 
The allowable loads computed through the proposed analysis were a product of 
of the particular wall system under investigation and the available information on 
the restraining forces. In general, considerably higher allowable loads can be 
realized than those computed through the present specifications if the quantitative 
nature of the restraint is known. 
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CONCLUSIONS 
A stress and displacement method of analysis for the design of girts and 
purl ins was presented in the present paper. This analysis differs from existing 
methods in that it is based on a true model of member behavior, a method which 
takes into account the restraining forces provided by the wall or roof material as 
well as those provided by the end and intermediate supports. 
Simplified expressions for stress and displacement were developed and evaluated 
through comparisons with existing specification requirements and experimental 
findings. 
The experimental program which involved the testing to failure under suction 
of a full size wall system utilizing Z-section girts, demonstrated that the 
effectiveness of the wall sheeting as a shear diaphragm was strongly dependent upon 
the method and workmanship employed to fasten the panels together. Inadequate 
fastening of the panels in the present investigation resulted in higher lateral 
displacement of the girts. The present study also indicated that flange attachment 
at the end supports contributed to an increase of lateral displacement of the girts. 
The utilization of clip angles at the end supports and the provision of a discrete 
restraint in the compression flange helped decrease the lateral and rotational 
restraint and increase the carrying capacity of the girts. For shorter unsupported 
lengths created by discrete supports, however, the influence of both the rotational 
restraint F and the shear rigidity Q was substantially reduced. 
The final phase of the current project will involve the testing of both 
Simply supported and continuous Z-section girts under various conditions of lateral 
and rotational restraints. It is the objective of this research to recommend a 
reasonable range for these restraints to be used in the design of girts and purl ins 
which are continuously braced by shear diaphragms. 
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APPENDIX 1 
The coefficients A, Band C of the chosen displacements shown in Eq. (1), 






ML ::Ei Us 
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-2 
D K7M + KeM + K9 2 
M is the maximum bending due to lateral loading. 





w is positive in the positive direction of the x-axis. 
The coefficients KI to K9 are defined as follows: 
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F1 , F~, F3 and F4 in the expressions for Kl to ~ have the following form: 
[ Ix I ,:, J 2 Y 11 F E Q C9 1 I ---z--2 





GK + FL C6 Q a C w 10 
z 
I 
F - b C + 2Y - C 3 20 I a 21 
x 
I 
F b C ---El. - C a 4 22 I 23 
x 
The coefficients C1 to C37 depend on the loading condition, the form and loca-
tion of lateral restraint, type of end supports and the form of the displace-
ment function chosen. 
Ky and Kz are effective length factors and depend on the type of end supports . 
Values of Ci (i = lo! 37), Ky and Kz for two types of beams are given in 
Table 2. a, b, a, b define the locations of the point of attachment of the girt 
to the steel panels and the point of loading, as shown in Fig. 1. Ix, I , I xy ' 
Cw and K are cross-sectional properties and E and G are material properties. 
MxA and MxB are the externally applied moments at the ends of the beam with 
assumed positive direction as shown in Fig. lb. 
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displacement amplitudes defined by Equations A-I, A-2 & A-3 
location of the girt fasteners as shown in Fig. lao 
location of the applied loading as shown in Fig. lao 
integration constants given in Table 2 
warping constant 
defined by Equations A-4, A-5 and A-6 
Young's modulus 
stiffness restraint against rotation of the girt 
coefficients defined in Appendix 1 
yield stress of steel 
shear modulus 
moments of inertia of the girt 
Saint Venant's torsion constant 
effective length factors given in Table 2 
coefficients defined in Appendix 1 
span of the girt 
total bending moment in the member as defined by Eq.(3) 
maximum bending moment due to applied load w 
end moments 
torsional moment applied to a beam on an elastic foundation 
shear rigidity of the wall assembly 
displacement of the shear center in the direction of the 
E. and 11 axis respectively 
displacement functions given in TAble 1 
uniformly distributed loading 
geometric coordinate axis 
displacement of the web caused by a unit load (Ref. 12) 
dimensionless parameter: s = z/L 
rotation of the web caused by a unit load 
co-ordinate axes corresponding to the displaced section 
longitudinal stress in the member 
rotation of the section about the z-axis 
rotation function given in Table 1 
sectional area (warping displacement) 
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TABLE 2: INTEGRATION CONSTANTS 
UNRESTRAINED RESTRAINED AT MIDSPAN 
o ~ ~ ~ 1.0 0.0 ~ ~ ~ 0.5 0.5 ~ ~ ~ 1.0 
~ Ci I II I II I II 
CI -1.03 -0.29 -0.14 -0.14 -0.14 -0.19 
C2 -1.03 -0.29 -0.14 -0.14 -0.14 -0.19 
C3 -0.87 -0.89 -0.56 -0.56 -0.56 -0.66 
C4 -0.81 -0.78 -0.16 -0.16 -0.16 -0.17 
Cs 0.46 0.50 0.47 0.47 0.47 0.57 
C6 0.10 0.10 0.02 0.02 0.02 0.02 
C7 -1. 74 -1. 78 -loll -loll -loll -1.31 
C8 1. 74 1. 78 loll loll loll 1.31 
C9 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 
C lO -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 
Cll 1.00 1.00 1.00 1.00 1.00 1.00 
CI2 1.00 0.81 0.34 0.34 0.34 1. 53 
C I3 -2.00 -2.00 -2.00 -2.00 -2.00 -2.00 
C I4 -0.25 -0.35 
-0.69 -0.69 -0.69 -0.04 
CIS -0.50 -0.17 -0.03 -0.03 -0.03 -0.63 
C I6 0.25 -0.48 
-0 . 28 -0.26 -0.26 -0.33 
CI7 0.90 0.26 0.08 0.08 0.08 0.12 
CIa 0.84 0.22 0.02 0.02 0.02 0.03 
CI9 1.03 0.29 0.14 0.14 0.14 0.18 
C20 0.52 0.12 0.02 0.02 0.02 0.14 
C2I 0.52 0.08 0.00 0.00 0.00 0.07 
C22 1.03 0.29 0.14 0.14 0.14 0.18 
C23 1.03 0.25 0.08 0.08 0.08 0.07 
C24 -0.64 -0.11 0.00 0.00 0.00 0.42 
C 25 -1. 27 -0.32 
-0.51 
-0.51 -0.51 0.42 
Cas 0.90 0.26 0.08 0.08 0.08 0.12 




-0.42 -0.42 -0.46 
C3) 0.64 0.11 0.00 0.00 0.00 0.42 C31 1. 27 0.32 0.51 0.51 0.51 0.42 
C 32 0.64 0.15 0.09 0.09 0.09 0.09 
C 33 0.32 0.13 0.42 0.42 0.42 0.00 
C 34 0.32 0.04 0.00 0.00 0.00 0.33 
C 3S -1.03 -0.29 
-0.14 
-0.14 -0.14 -0.18 C~ -0.76 -0.79 
-0.31 
-0.31 -0.31 -0.43 C37 0.87 0.72 0.19 0.19 0.19 1.04 
Ky 1.00 0.91 0.35 0.35 0.35 0.33 
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Fig 10 Z -Section Restrained Along 
the Tension Flange 
0.075" 
Fig lc Z-Section Used in Test 
( I": 25.4 mm) 
w 
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Fig 1 b Direction of Positive Forces 
1.5" 
Fig Id Steel Cladding Used in Test 
( 1"· 25.4 mm ) 
CONTINUOUS GIRTS AND PURLINS 363 
FiC). 2 Wall Specimen Just Before Failure Under Suction 
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Fig 3d Section 8-8: Type A 
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ROTATION (deg) 
Fig 5 Midspan Rotation of the Bottom Girt 













































































































































































































































































FIFTH SPECIALTY CONFERENCE 
_ " (Fy =280 in.lblrod. ) 
0' - 0.6 Y Q = 50 K 
/ 
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AISI O'er / ........ ~ 
1.67 /' '-__ 
(UNRESTRAINED) -- - __ _ 
--
Fig 7 Allowable Loads for a Z-Section Continuously Braced 
Along the Tension Flange. (1 in. = 25.4 mm; lib = 4.45 N ) 
" " " " ('( _ (Fy = 280in.lb.lrOd) 
" v-Q,6Fy Q=50K 
'........ (Fy =280in.lb/rod) 
AISI ~ ? .................... O.O.SF, Q·O 
1.67 - __ 
(RESTRAINED AT MIDSPAN) ----
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8 
Fig 8 Allowable Loads for a Z - Section Continuously Braced 
Along the Tension Flange and Restrained at Midspan 
11 in. = 25.4 mm i lib = 4.45 N) 
